The aim of the work was to determine the influence of screw speed and variable amounts of fresh vegetable additives on selected aspects of extrusion-cooking of corn-vegetable blends. Corn grit as a basic component was supplemented with a fresh pulp of beetroot, carrot, leek and onion in amounts of 2.5-10% in the recipe. The extrusion-cooking was carried out using a single-screw extruder in the temperature range 120-145°C and extrudates were formed into directly expanded snacks. Two indicators were measured: the production efficiency (Q) and the specific mechanical energy (SME) consumption. As a result of the findings it was noted that the rotational speed of the extruder's screw showed a greater impact on both production efficiency and SME as compared to the variable amounts of applied additives. A tendency to increased efficiency and specific mechanical energy consumption was observed along with the increase of screw speed during processing. The highest production efficiency was observed if fresh leek and onion were used as additives and the highest extrusion speed screw was applied. The largest specific energy consumption was noted during the extrusioncooking of blends containing fresh carrot and onion addition at high screw speed.
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Introduction
Vegetables are very important sources of vitamins, micro-and macroelements as well as fiber in a daily diet. Consumption of fresh or minimally treated vegetables may avoid civilization diseases, such as cancer, cardiovascular disease or others. However, widespread dissemination of this knowledge does not increase the consumption of fruit and vegetables (Rekhy et al., 2017; Ocean et al., 2019) . The most typical long-term preservation for vegetables is freezing, but it being an extremely power-consuming process (Korotkiy et al., 2016) . Moreover, the findings for frozen vegetables demonstrate that transformation from its natural state into frozen ones lead to negative products evaluations by consumer (Connell et al., 2018) . While among the drying methods, lyophilization shows best effects for vegetable properties. However, this method is time and energy consuming (Yu et al., 2018) . The most appropriate trend seems to be limiting treatment and using or eating the fresh or blanched vegetables to avoid losses of the valuable components and to keep its natural colour, flavour and texture.
Extrusion-cooking -a process using the high pressure and short time treatment -is the technology which creates the possibility of typical products' fortification, like e.g. snacks, with nutrient-rich ingredients (Wójtowicz, 2018) . Extrusion-cooking have a lot of advantages, for example wide range of extrudates shapes, destruction of undesirable antinutritional factors, enhance the digestibility and makes it possible to achieve the desired texture (Shah et al., 2016) . One of the most important classification of single screw extruders is the classification due to the L/D ratio (ratio of screw length to its diameter). L/D=9-11 is typically used for pasta press, 12-15 for high-pressure extruders, 15-30 for low-shear extruders, 15-25 for high-shear extruders and 3-5 for collet-type extruders to produce snacks (Harper, 1981; Mercier et al., 1989) . From the literature it can be found that the specific energy consumption of the extrusion-cooking process in the case of single screw extrusion is dependent on the raw materials used, moisture content and screw speed appplied. However, it should be noticed that the extrusion process is preceded by other processes, which may include grinding, mixing, moistening or steaming, that may influence on the total specific energy consumption of processing (Marks, 2010; Matysiak et al., 2018) .
The most commonly used raw materials for ready to eat extrudates are cereals or pseudocereals, mainly corn, rice or wheat, rich in carbohydrates, enabling formation of a porous structure of the extruded snacks. However, these types of basic raw materials are not rich enough in nutrition compounds (Pęksa et al., 2016) . So, it is possible to improve the nutritional value of extrudates by the addition of various components such as vegetables, fruits, herbs, etc. These additives are mainly used in a powdered state, but there is limited information about processing of extrudates supplemented with fresh vegetable additives. So, some tests have been made to check the possibility of using fresh vegetable pulps as valuable additives which haven't been air-dried or freeze-dried before the extrusion, what result in reducing the total energy requirements of the whole production process.
Objective, scope and methods of research
The objective of the research was to evaluate the production efficiency and the specific energy consumption during processing of snacks with the single-screw extrusion-cooking. The main assumption was to obtain ready to eat corn snacks with possibly the largest amounts of fresh vegetables and to assess some aspects of the production process as the production efficiency and specific energy consumption.
The recipe of extrudates was based on corn grits (supplied by Lubella Sp. z o.o. Sp. K., Lublin, Poland) and vegetable additives, such as beetroot, carrot, leek and onion (commercially available on the market). Corn grit (as a control sample) and blends with variable amount of additives as replacement of the corresponding amount of the base ingredient in the recipe were prepared. Two independent variables were used in the experiment: the content of vegetable additives (2.5, 5.0, 7.5 and 10.0% as a replacement of corn grits in the recipe) and the speed screw (80, 100 and 120 rpm) during processing. In the first step, fresh vegetables were cleaned with tap water, removed from inedible parts, drained, cut into small pieces and then ground using a laboratory grinder (Grindomix GM 200, Retsch, Germany). In the next step, the ground additives were mixed with corn grits and left to rest for 2 h to equilibrate the moisture content brought by the fresh additives in the mixture. The moisture content of corn was 13.0% and for prepared blends ranged at 15.1%-20.8%, 14.2%-21.0%, 14.4%-20.0% and 14.3%-18.6% if beetroot, carrot, leek and onion were added, respectively. Extrusion-cooking was done using a TS-45 single-screw extruder-cooker (Z.M.Ch. Metalchem, Gliwice, Poland) with a ratio of the screw length to its diameter of L/D=12 at variable screw speeds with a 3 mm circular forming die. The temperature in the first, second and third section of the extruder was set at 120ºC-145ºC-130ºC, respectively. Just after leaving a forming die the extrudates were cut with a rotary cutting knife for 30 mm long crisps. After forming, the snacks were cooled down to ambient temperature and collected as ready for direct consumption. Moreover, final extrudates characterized with the moisture content not exceeding 13% and the water activity below 0.56.
Evaluation of the extrusion-cooking efficiency (Q), as a ratio of the extrudate mass obtained in a time unit, was determined according to the formula proposed by Matysiak et al. (2018) :
where: Q -production efficiency, m -mass of the obtained snacks, (kg) t -measurement time, (h) Specific mechanical energy (SME) as a power consumption was determined according to the formula presented by Kręcisz et al. (2016) 
where: SME -specific mechanical energy, n -screw rotations, (rpm) P -electric power, (kW) O -engine load, (%) nmax -maximum screw rotations, (rpm) Q -production efficiency, (kg h -1 )
Statistical analysis was carried out using a Statistica 13.3 software (StatSoft, USA). The data were analyzed with the response surface (RSM) models and plots to analyze interactions of two independent factors, additionally regression equations and regression coefficients have been found. A second-order polynomial model (Eq. 3) was defined to fit the responses:
where: Y is the response obtained by the fitted model and β0 is the model intercept. β1, β2 are the linear coefficients, β12 is the interaction coefficient, and β11, β22 are the quadratic coefficients. An analysis of variance was carried out with ANOVA at the level of confidence α=0.05.
Results and analysis
The results of the extrusion-cooking production efficiency during processing of corn extrudates with addition of different vegetables under various screw speed is presented in Fig. 1. An increased process output was noticed for all the tested samples with increased the rotation screw speed. Due to the effect of additive amount it have been found some differences and increasing efficiencies were observed for extrudates supplemented with beetroot ( Fig.  1a) , leek ( Fig. 1c) and onion up to 5.0% (Fig. 1d ). Further supplementation with beetroot, leek and onion affected slight decrease in processing output.
Figure 1. Production efficiency results during the extrusion-cooking of corn extrudates with addition various vegetables: a) beetroot, b) carrot, c) leek, d) onion
When a carrot was used as an additive, the constant decrease of efficiency was observed during processing of supplemented extrudates (Fig. 1b) , also for this additive the lowest efficiency was observed along with the amount of vegetable additive as well as the screw
speed applied. During the production of corn instant grits with using various screw speeds of single screw extruder, Kręcisz (2016) found similar tendency to increasing processing efficiency in respect to increased screw speed. Similar relationships have been observed by Kręcisz et al. (2015) for corn-rice instant grits produced with using screw speeds of 80,100 and 120 rpm, however, the results showed that blends with higher rice flour content characterized with higher process efficiency.
The highest production efficiency (above 34 kg h -1 ) was observed for corn extrudates with addition of 2.5 and 5.0% of leek and for snacks with 5.0% of beetroot and onion produced with applying the 120 rpm of screw speed. With the highest content of fresh vegetables, the production efficiency decreased what would be the effect of the increased moisture content of processed blends. The lowest production efficiency (19.2 kg h -1 ) was observed for cornbeetroot extrudates with 10.0% of additive with using a screw speed of 80 rpm. High determination coefficients characterized good model fitting due to the production efficiency if beetroot, carrot and leek were found in the experiment (Table 1 ). The analysis of variance (Table 2) showed that the content of vegetable additives had a significant effect on production efficiency only for corn extrudates with addition of beetroot (p=0.000, r=0.93) and leek (p=0.043, r=0.97), which, moreover, characterized similar responses from RSM plots. In the same time, the screw speed had a significant effect on production efficiency of corn-based blends with beetroot (p=0.000, r=0.93), carrot (p=0.000, r=0.91) and onion (p=0.000, r=0.88). The most significant effect, due to the highest value of F-test, according to the effect of the amount of additive was observed if beetroot was applied as additive, but if the effect of screw speed was analyzed, the most significant effect was found for corn-carrot blends. Q − process efficiency; SME − specific energy consumption; CA − content of the additive; SS − screw speed Fig. 2 presents the effect of processing variable conditions on specific mechanical energy requirements during the extrusion-cooking of various corn-based extrudates. The specific energy consumption during the extrusion-cooking relates to the thermo-mechanical starch conversion. Therefore, in the case of higher SME it can be manifested better starch gelatinization of expanded products (Pardhi et al., 2019) .
With the increased rotation screw speed, it has been noticed an increased SME during processing of extrudates with fresh beetroot (Fig. 2a), carrot (Fig. 2b) and onion (Fig. 2d) . The range of SME varied from 0.21 to 0.27 kWh kg -1 . The lowest specific energy consumption was observed during processing of blends with 7.5% and 10.0% of onion and at screw speeds of 80 and 100 rpm. Low SME values were observed also if beetroot and leek were added in amounts of 5.0 and 7.5% in the recipe. The greatest values were noted for corn extrudates without additives which means that addition of fresh vegetables reduced the energy requirements during the extrusion-cooking. This phenomenon is probably because of the higher initial moisture content of blends, what is reducing the mechanical shearing intensity and thus the specific energy consumption during processing. Wherein, the content of vegetable additive had an insignificant effect on SME only for snack with onion, it was noted that screw speed had significant effect on SME of corn snacks with almost all additives used, except of leek (Table 2 ). 
Similar observations were reported by Ali et al. (2016a) for the extruded maize-chickpea flour mixture and the obtained values of SME ranged from 0.10 to 0.23 kWh kg -1 . Other researchers (Baik et al., 2004) have noted that the growth of SME was caused by the fact that more energy is supplied in the aim to obtain higher screw rotations. What is more, the screw speed causes an increase in SME input attributed to the increase in shear rate with increased screw speed (Altan et al., 2008) . The results presented by Singha and Muthukumarappan (2017) for extrudates with addition of apple pomace (from 0 to 20%) ranged from 0.05 to 0.16 kWh kg -1 . They observed that SME decreased with increased level of apple pomace up to a certain extent. This relationship was assigned progressively by the decreasing of starch content. During the extrusion-cooking of maize-mung bean flour mixture values of SME reported by Ali et al. (2016b) were between 0.14 and 0.25 kWh kg -1
. The greatest value of SME was noted in this research for samples processed at low feed moisture, low barrel temperature and high screw speed. Considering the F-test results, in most cases the rotational speed of the extruder's screw had a greater impact on SME during snacks processing than the content of vegetable additives (Table 2 ). However, Matysiak et al. (2018) reported that for the tested extruded snack pellets moistened up to 32-34% the rotational speed ranged 20-60 rpm had a smaller influence on SME as compared with the moisture content. 
Conclusions
With regard to the obtained results, the following conclusions were established: 1. The most efficient production was the extrusion-cooking of corn extrudates with the addition of fresh leek and onion at the highest rotation screw speed. 2. The lowest specific energy consumption was observed during the extrusion-cooking of corn-onion blends, especially at low screw speed. 3. Generally, values of F-test showed the higher effects of the extruder's screw speed on production efficiency and SME as compared to the content of fresh vegetables in cornbased blends.
